There is much interest in the multiparty quantum communications where quantum teleportation using high dimensional entangled quantum channel is one of the promising tools. In this paper, we propose a more general scheme for M-party controlled teleportation of an arbitrary Nparticle quantum state using N-1 identical Einstein-Podolsky-Rosen pairs and one (M+2)-particle Greenberger-Horne-Zeilinger state together as quantum channel. Based on which a 2-party controlled teleportation of an arbitrary 3-particle state is tested with our scheme as an example.
II. THE MCQT OF AN ARBITRARY N-PARTICLE STATE

A. Assumptions
Suppose the sender Alice wants to teleport an unknown N-particle state to the distant receiver Bob, and she is only able to do so as long as all M agents Charlie 1 , Charlie 2 , ..., Charlie M permit, here the original arbitrary unknown state reads |φ A1A2...AN =(x 1 |000...00 + x 2 |000...01 + ... + x 2 N |111...11 ) A1A2...AN
where 2 N k=1 |x k | 2 = 1, x k = 0, δ kAi ∈ {0, 1}(i = 1, 2, ..., N ). To achieve the QT task, Alice and Bob as well as the M agents take use of the quantum channel which is made of (N − 1) identical EPR pairs and an (M+2)-particle GHZ state and follow our MCQT protocol. We assume each EPR pair used in the channel are in the state
and cases for other EPR pairs: |φ − , |ψ + and |ψ − are studied in the appendix.
B. The scheme
We detail the scheme in the following steps:
1. Alice prepares (N − 1) EPR pairs, taking the joint state
with one (M+2)-particle GHZ state 
together as quantum channel.
2. Alice sends the (N-1) particles (B 1 , B 2 , ..., B N −1 ) from the state |φ DB and the GHZ particle B N to Bob, she sends the M GHZ particles (C 1 , C 2 , ..., C M ) to M agents (Charlie 1 , Charlie 2 , ..., Charlie M ) respectively while keeping the other (N − 1) EPR particles (D 1 , D 2 , ..., D N −1 ) and one GHZ particle A N to herself. Therefore, including the unknown state |φ A1A2...AN , the whole system state reads
3. Alice performs the Bell-joint measurements on pairs (A i , D i ), (i = 1, 2, ..., N − 1) separately, obtaining result |ψ AiDi . Then she broadcasts these results via classical channel, according to which Bob correspondingly performs a series of single-particle unitary transformations U i on particles B i , (i = 1, 2, ..., N − 1), see Tab. I. 
where AiDi ψ| is the Bell-joint measurement on pair
Now we analyze the whole system in Eq. 6. For simplicity, define
From Eq. 7 and Tab. I, we have
From Eq. 8 and Tab. II, we have
Therefore, the whole system in Eq. 6 reads
5. The M agents (Charlie 1 , Charlie 2 , ..., Charlie M ) respectively perform the Hadamard transformations on the particles in their hands. Since H|0 =
(|0 − |1 ), the whole system in Eq. 11 becomes
6. To permit Alice and Bob's QT request, each agent measures his particle in basis {|0 , |1 }, and publishes his result in "0" or "1" correspondingly. According to the number of "1" in the M agents' published measurement results, Bob choose different operations as below to fully recover the original unknown N-particle state of Alice:
-If the M agents' measurement results contain odd number of "1", Bob's N-particle system must be in the state
and he has recovered Alice's original state;
-If the results contain even number of "1", then Bob's N-particle system must be in the state
and he only needs to execute the unitary transformation σ z on his particle B N , and the state of |φ B turns into
and he has also recovered Alice's unknown state.
In short, by following our scheme above, MCQT of arbitrary N-particle state can be successfully performed via (N −1) EPR pairs and one (M+2)-particle GHZ state as quantum channel. The correlations among Alice's measurement results, Charlie i 's unitary transformation, the number of "1" in the agents' measurement results and Bob's unitary transformations are shown in Tab. III. Note that each EPR pair used in the channel are in the state |φ + , and the 
correlations of the cases for other EPR pairs: |φ − , |ψ + and |ψ − are given in the appendix. In the next section, we give a MCQT example to test the generality of our scheme by specifying N and M .
III. TWO-PARTY CONTROLLED TELEPORTATION OF ARBITRARY THREE-PARTICLE STATE: AN EXAMPLE
In this section, we test our general scheme by giving an example where N = 3 and M = 2, which is a case of MCQT of arbitrary tripartite state
between Alice and Bob, jointly controlled by Charlie 1 and Charlie 2 . Following our scheme in Sec. II, Alice firstly prepares two EPR pairs in the state |φ
(|00 +|11 ) DiBi (i = 1, 2) and one four-particle GHZ state |φ Alice sends particles B 1 , B 2 , B 3 to Bob, and C 1 and C 2 ) to the two agents Charlie 1 and Charlie 2 respectively, keeping particles (D 1 , D 2 , D 3 ) to herself. We have the whole system
Alice performs Bel1-joint measurements on pairs (
Suppose the measurement results are |φ + , |ψ − , |φ − , and the system turns to
According to Alice's measurement results, Bob performs single-particle unitary transformations I B1 , (iσ y ) B2 , (σ z ) B3 on the particles B 1 , B 2 , B 3 respectively, and the system state reads
Now the two agents Charlie 1 and Charlie 2 perform single-particle unitary operations I z on particle C 1 , C 2 respectively according to Alice's measurement results on pair (A 3 , D 3 ). Then they respectively perform the Hadamard transformations on particle C 1 , C 2 , and the whole system reads
Finally, Charlie 1 and Charlie 2 make single-particle measurements on particles C 1 , C 2 in basis {|0 , |1 } and publish their measurement results. If the measurement results contain odd number of "1", Bob's N-particle system should be in the state
which is equivalent to the original unknown state of Alice; otherwise, Bob's N-particle system reads
Bob then executes the unitary transformation σ z on particle B N , the state of |ψ B is thus recovered to the original state of Alice. In this example, Bob can fully recover the original state of Alice with our general scheme, and it is clear that our scheme can be specified into any other cases for M ≥ 0, N ≥ 1. Therefore, we conclude that our theoretical MCQT scheme is highly general and can be deterministically performed.
IV. CONCLUDING REMARK
In this paper, we propose a more general MCQT scheme of an arbitrary N-particle state using (N − 1) EPR pairs and one (M + 2)-particle GHZ state together as quantum channel. We discuss the cases for each kind of EPR pairs used in the quantum channel respectively and also give a specified example to test the generality of our scheme.
We emphasize that, the QT schemes proposed in other literatures such as Ref. [19, 20, 28] can be treated as special cases of our scheme, and our scheme can also be used for quantum secure direct communication (QSDC) and quantum secret sharing (QSS) tasks such as the scheme in Ref. [24, 25, 27] . We hope this work will shed some light for the prospective research on multiparty quantum communications and quantum cryptography [33] . 
APPENDIX A: THE CASES OF USING OTHER EPR PAIRS IN THE QUANTUM CHANNEL
In the main context, we assume that the N-1 EPR pairs are in the state |φ + . In fact, these EPR pairs can also be either of the other EPR states |φ − , |ψ + or |ψ − . The correlations among all the parameters of each case are shown respectively in Tab. IV, V and VI. 
